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CULTIVAR SPECIFICITY GENE FROM THE RICE PATHOGEN 
MAGNAPORTHE GRISEA, AND METHODS OF USE 

Pursuant to 35 U.S.C. §202 (c), it is 
acknowledged that the U.S. (government has certain rights 
in the invention descrit^ed herein, which was made in part 
with funds from the United States Department of 
5 Agriculture, Grant Nos . 58-3655-3-107 and 58-3655-4-140, 
and from the National Institutes of Health, Grant No . 
GM3 3 7 16-0 881 . 

FIELD OF THE XiSlVENTION 

10 This invention re lates tC' the field of disease 

resistance in plants. In particular, the invention 
orovides a novel avirulence gene from the rice blast 
pathogen, Magnaporthe grisea, and methods of using the 
gene and its encoded products for imiproving resistance of 

15 rice tC' this pathogen. 

BACKGROUND OF THE INVENTION 

Rice is a major staple food for about twc-- 
thirds of the world's population. More than ninety 

20 percent of the world's rice is grown and consumed in 

develor-mg countries. r_i ::e blast disease, <::aused by ::he 
fungus Majnaporthe grisea, threatens rice crops 
wDrldwiae. The disease can ca-..3e yieia losses of len to 
thirty percent m mfestei fields. Rice blast has been 

2 5 an ong:>ing problem m rice growing areas of the southern 
United States. It has now be::i'me a significant problem 
- > - ^-^ r ^ w 1 n a a ^ a s o f (7 a 1 i f ■!) r n i a , as well. 
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species. The gene - f or-gene hyp>othesis has been found 
applicable tC' many host -p>at hogen interactions, including 
that of the nee blast fungus, Magnaoorthe grisea, and its 
host , Oryza satix^a . To tie able to understand and 
5 manipulate this hos t - pa thc>gen relationship is of great 
practical interest as M. grisea is rapidly able to 
overcome new disease resistance in rice soon after their 
deployment. Moreover, M. grisea exists as a complex genus 
with many subspecific groups that are infertile, but 

10 differ in their host range. How these different 

subspecific groups interrelate vcdut ionar i ly is of great 
concern to plant breeders since some of these alternate 
hosts are frequently fecund growing in close proximity to, 
or m rotation with rice, and M. grisea isolates infecting 

15 these alternate hosts can sometimes also infect rice. 

Gene - f C'r- gene resisca:;ce (also known as 
hypersensitive resistance (HR) or race - spiec i £ ic 
resistance) depends for its activation on specific 
recognition of the invading pathogen by the p>lant . Many 

20 individual plant genes have been identified that control 
gene - f or-gene resistance. These genes are referred to as 
resistance (R) genes. The function of a particular R 
cfene dep-ends on t:he genC'type of the pathcigen. A p-athogen 
gene is referred as an .Av.r gene if its expires sicr. 

25 causes the pathc^gen to p>rc'duce a signal that triggers a 

strong defense response m a plant having a corresp-onding 
R gene. This resp-onse is nC't ch served in tne absence of 
eitner the Avr gene m the p^atncgen cr the cC'rresp-C'nd i ng 
-1^^--^ - ^h^-=^ n^. ^n^ . Tt should be nested that a smcle 



resistance generally ciccurs as activation of a HR 
response, in which the cells in the immediate vicinity of 
the infect ic-n undergo prc-grammed necrosis in order tC' 
prevent the further advance C'f the p>achogen into living 
5 pdant tissue. Othei^ features of the resistance respc-nse 
TTiay also include synthesis of antimicrobial metabolites 
or pathogen - inhi bi t ing enzymes, re Inf c^rcement of plant 
cell walls in the infected area, and induction of signal 
transduction pathways leading to systemic acquired 

10 resistance (SAR) in the plant. 

I'he molecuh^ii l-asis of hC'S t - sul t ivar 
specificity and pathogenic variability in M, grisea is 
only beginning tci be elucidated with the identification, 
mapping and, in some instances, cloning of specific Avr 

15 genes from pathogenic isolates of M. grisea.. For 

instance, A\/R2'YAMO (cuitivar specificity) and PWL2 (host 
sp)ecif icity) (Valent Sc Chumley, pp. 3.113 - 3.134 in Rice 
Blast Disease (R. Zeigler, S.A. Leong, P. Teng , Kds , ) , 
Wallingford: CAB International, 1994) both function as 

20 classic avirulence genes by preventing infection of a 

specific cuitivar c^r host. AVR2-YAMO encodes a ::23 -amino 
acid protein with homolcjgy tC' piro teases, while PWL2 
en:'odes a 1 4 5 - ami nc' a. :: i d pclypeptide whi i:n is glyrine- 
rirn. Based on tne t-red i ■:: r ec ammC' acid sequences of the 

25 t'foteins, botn may i?e secr^etea. 

Hc'mologs ol both AVR2 -YAMO and PWL2 appear to 
t-e widely distributed in rice and in other grass- 
infertmg isolates of M, gzusea, thereby confirming that 
M. -7ri se^a isolates whirh :iC' net infect ri:re still m^y 
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As another example of a potentially useful Avr 
gene, the cultivar specificity gene AVR1-C03 9, which 
determines avi rule nee Z'U rice cultivar- C03 9, has been 
identified (Valent et al . , Genetics 127 : 37-101, 1991) 
5 and mapiped to a posit ic^n on M. grisea chromosome 1 (Smith 
Leong, Theor . Appl . Genet. 8A- 901-908, 1994). A 
segment of chromosome 1 that appears to contain the AVRl- 
C039 gene has been isolated and cloned into a cosmid 
ve c tor ( Leong e c a 1 . , pp . 346-852 in Rice (I^e ne t i c s 111, 

10 Prc'ceedinQs of the Third Annual Rice Grenetics Sv^mposium , 
G - c- - Khush, Ed. , Is la: id K.rirbc»r Press, Manila, 19 96) ; 
hC'^A^ever, the gene itself neretofc're has not been 
identified and characterized. 

The availability of clc-ned cultivar and hcist 

15 specificity genes from M. grisea and, ultimately, the 

cC'rresp'Ondi ng R genes from rice prc'vides useful tools for 
manipulating and augmenting resistance to this p)athogen 
in the field. Accordingly, it is an object of the 
present invent ic^n to provide a new cloned M, grisea 

20 cultivar spiecificity gene, AVRl -COS 9 , and its functional 
homed ogs for such use . 



SUMMARY OF THE INVENTION 

Accorcing tc) one aspect c- f che invention, there 
25 lS p'rovidea an isc-latea n^^cieic acici, AVRl -C03 9 , f rc-ni 
Magnapcirtho grisea that ccnfers ruce cultivar GC)39- 
specific avi rule nee to fungal plant pathc-gens that 
c^:ntain the nucleic acid. The nucleic arid preferatdy 
■^'Cmr'-r^i ses nart or all -cf Sequence I.D. Nc . 1, or 
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the isc-lated nucleic acid of claim 1. Preferably, the 
polyper-tide is selected from tihe group of polypeptides 
encoded by ORFS 1, 2, 3, 4, 5, 6 and 7, corresp'Onding to 
Sequence ID No's. 2, 3, 4, 5, 6, 7 and S, respectively, 
5 and most preferably is encoded by ORF 3 . 

Acccirding to anC'ther aspect of the inventic^n, a 
transgenic epiphytic bacterium is p^rovided, which 
expresses a portion of an AVRl -C03 9 gene effect ive tc- 
confer rice cultivar C03 9 - sped f i c avirulence to 

10 microorganisms expressing the gene. Preferably, the 

transgenic epiphyLi'_: bacteriumi expresses ORF3 of Sequence 
ID No . 1 , or a f unct ional equival ent . 

According to another aspect cif the invention, a 
methc:d of enhancing the scope of resistance of rice 

15 cultivar C03 9 plants to pathogenic microorganisms is 

provided. The mechc'd comprises treating the plants with 
an epdphytic bacterium that expresses a pc>rtion of an 
AVR1-C039 gene effective to trigger expression of a C039- 
specific R gene in the plants. 

20 According tc' anc>ther aspect of the invention, a 

second methc^d of enhancing the scc^pe of resistance of 
rice cultivar CC'3 9 plants to patho^genic microorganisms is 
orc'vided. This methco ::omprise3 treating the tdants with 
a pu^C'tein 'E-xtract ::c''Tpir i s i ng p ::d\X'ep)t ides prc-duced hy 

2b expt^essicin :> f AVP.l - "JDS 9 , m an amC'Unt effecti\'e to 
tri'^ger expression cT a C03 9 - sp^ec i f ic R gene m the 
pi 1 ant s . 

Itiese and either feature-s and advantages of the 
nres^^^nt- invention will be descrit)ed m greater detail m 
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DETAILED DESCRIPTION OF THE INVENTION 
I • Definitions 

Vax'ious terms relating tci the biological 
molecules of the present invention are used hereinabove 
5 and alsc' throughout the specifications and claims. The 
terms "substantially the same," "percent similarity" and 
"percent identity" are defined in detail below. 

With reference to nucleic acids C'f the 
invencion, the term "isolated nucleic acid" is sometimes 

10 used. This term, when applied to DNA, refers to a DNA 
molecule that is separa-^^d Ixom sequences wirh which it 
is immediately contiguous (in the 5' and 3' directions) 
in the naturally occurring genome of the organism from 
which it was derived. For example, the "isolated nucleic 

15 acid" may comprise a DNA molecule inserted into a vector, 
such as a plasmid or virus vector, or integrated into the 
genomic DNA of a procaryote or eucaryote . An "isolated 
nucleic acid molecule" may also comprise a cDNA molecule. 

With resp-ect to RNA molecules of the invention 

20 the term "isolated nucleic acid" primarily refers to an 
RNA mcdecule encoded by an isolated DNA molecule as 
defined above. Alternatively, the term may refer to an 
r::a mc'lecule that nas oeen st: f f 1 1 1. ent ly separated f rom 
RNA mLi'lecules with which it wool n oe associated m its 

2 5 natural state (i.e., m tells c^r tissues; , such tna:: it 
exists in a "substantially pure" ft-rm (the term 
"substantially pure" is defined belc'w) . 

With resp'cct t:- prc)tein, the term "isolated 
n>^'-^^-^1n" or "isolate^i and purified p^rotein" is sometimes 
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from other proteins with which it would naturall^^ be 
associated, so as to exist in " subs t ant i ally pux~e " form . 

The term "substantially pure" refers to a 
pireparation comprising at least 50-60% by weight the 
5 compound c^f interest (e.g. , nucleic acid, 

oligonucleotide, p>rotein, etc.) . More preferabl^^, the 
p)reparat icin co-mprises at least 75% by weight, and most 
preferably 90-99% by weigh:i, the cOimpiC'und of interest. 
F'urity is measured by methods appro'priate for the 

10 compound of interest (e.g. chromatographic methods, 
agarose or polyacrylaniide gel elect rophores is , KPLC 
analysis, and the like) . 

W i th respect to ant ibodies of the invent ion , 
the term "immunologically specific" refers to antibodies 

15 that bind to crie o^r more epitopes ot a protein of 

interest, but wnich do not substantially recc-gnize and 
bind other mo lecules in a sample co^nt aining a mixed 
piopulation of antigenic biological molecules. 

With respect to ol igonuc 1 eot ides , the term 

20 "specifically hybridizing" refers to- the association 
between two single - st randed nuc leot ide molecules of 
suf f icient ly complementary sequence to permit such 
hyt't idi zat iC'U unde r ;;:'re - determi ned condi t icris general ly 
u.-red in the .-.rt (so^metimes termed " sut'St ant i a. 1 ly 

25 C'jiip'lementai'y " ) . In t^ar *: i cui ar , tne teim refers to 

hybridization c-f an 'il igc nuclec-t ide with a suJcs t ant lal ly 
cc mp lementary sequen re cc^nt amed within a si ngle - stranded 
D:JA or RNA molecule of tne inventic^n, to the substantial 
^ X 1 1 1 s i n n n f ho/b r i d i z a t i i' n of the c- 1 i Qonu c 1 e C' t i de with 
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The term "disease defense response" refers to a 
change in me tabc>l i sm, biosynthetic activity or gene 
exp)ression that enhan::es the plant's ability tc suppress 
the replication and spread of a microbial pathogen (i.e. , 
5 to x'esist the microbial piathogen) . Examples cif plant 

disease defense responses include, but ai~e ncit limited 
to, production c^f low mole ovular weight ccjmpc^unds with 
antimicrobial activity (referred to as phyt c^alexins ) and 
induction of expression of defense (C'r de fense - related) 

10 genes, whose products include, for example, peroxidases, 
cell wall procelns, j^'i c-t e insise inhibitors, hydro lytic 
enzymes, pa t hogenes i s - re 1 at ed (PR) proteins and 
phytoalexin biosynthetic enzymes, such as phenylalanine 
ammonia lyase and chalcone synthase. Such defense 

15 responses appear zo be induced in plants by several 

signal transduction ^'athways involving secondary defense 
signaling molecules ptroduced in pliant s. Agents that 
induce disease defense respc^nses in plants include, but 
are not limited tc^ : (1) microbial pathogens, such as 

20 fungi, i:>acteria and viruses; (2) microbial components and 
other defense respc-nse elicitors, such as prc'teins and 
protein fragments, small per>tides, 3-glucans, elicitins 
and harTi'.ins, crypt c gem and C' 1 igc sac char i des ; and (3) 
se::C'ndary defense signaling mC'lecules prc-du':-ed by the 

2 5 1 a n t , s u c h as sal ± z y 1 1 c acid, H_ O , e t hy 1 e ne a nd 

J asmonat es . 

The term "prc^mc'ter regic^n" refers to the 5' 
regulatc^ry regic^ns of a gene. 

The *:erm rer c^-r t er aene" refers tc* genetic 
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The term "selectable marker gene" refers to a 
gene product that when expressed confers a selectable 
phenotype, such as antibiotic resistance, on a 
t ransf cirmed cell or plant. 
5 The term "operably linked" means that the 

regulatory sequences necessary for expression of the 
coding sequence are placed in the DNA molecule in the 
ap'prc'pr iate positions relative tc* the coding sequence so 
as CO effect expiressicjn c-f the cc'ding sequence. This 

10 same definition is sc^met imes applied to the arrangement 
of cc'ding sequence dnd t x^anscr ipt ion control clem.ents 
{e.g. promoters, enhancers, and termination elements) in 
an expression vector. 

The term "DNA construct" refers to genetic 

15 sequence used to transform plants and generate progeny 

transgenic planes. These constructs miay be admLin i s t ered 
to plants in a viral or plasmid vector. Other methods of 
delivery such as Agrobact erium T-DNA mediated 
t ransf c^rmar ion and transformation using the biolistic 

2 0 prc)cess are also contemplated to be within the scope of 
the present invention. The transforming DNA may be 
prepared according to standard prC'tocols such as those 
set forth m "Current Prt^^tocols m Mc;lecular Biology", 
eds . Frederic-v M. Aust:oel et al., JC'hn Wiley Sc Sons, 

2t' 13 3 3. 

II. Description of AVRl -C039 
and its Encoded Peptides 



In a c t o r d a n c e wit h t h e p r e s e n t i n v e n 1 1 c> n , a 
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The cl-onmg of an AVR1-C039 gene from M. grisGa. strain 
253-9 and analysis of the gene are described in detail in 
Example 1. The gene contains four open reading fx^ames, 
c>ne of which (0RF3) appears to play the most key role in 
5 conferring cultivai" spiecific avirulence to Ma.gna.porthG 
isolates that carry the gene. Hcimologs of the strain 
2539 isolate AVR1C039 gene have been identified in a 
diverse array of other Magnaporthe isolates. 

A genomi':: clc-ne C'f AVR1-C039 from M. grisea 

10 strain 2539, an exemplary AVR1-C039 of the invention, is 
described in d'rLail ht-Lein and ios nucleotide sequence is 
set forth in Example 1 as Sequence I.D. No. 1. Sequence 
I.D. Nc- - 1 cC'Utains fc-ur open reading framies. It is 
believed that one or mc-re of these op-en reading frames 

15 are responsible for conferring avirulence on cultivar 

C03 9, either by virtue of the gene product expressed from, 
the C'pen reading frame or by possession of critical 
transcription or translation regulatc^ry sequences (see 
Example 1) . 

20 Altho^ugh a genomic clone of AVRl - C03 9 from M. 

grisea isolate 2539 is described and exemplified herein, 
this invention is intended to encompass nucleic acid 

sequences ami p^rc'teins frcni. other Magnaporthe isolates 
mat are su f £ i r i en*: 1 y similar tc- oe used insteaii of tne 
25 isc'late 253 9 AVR1 - 3039 nucleic aciu and pr<:>ieins for the 
purp^oses descrit'od helcw. These include, but are not 
limited to, allelic variants and natural mutants c^f 
Sequence I.D. No. 1, which are likely tc- t^e found in any 
aiven nopulatic^n of Ma-7napDrthG i sedates. Because such 
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P'referably over 30%) sequence homology in the coding 
regions witn the nuclec'tide sequence set forth as 
Sequence I.D. No. 1 (and, most p'refersbly, specifically 
comprising the co-ding region of sequence I.D. No-. 1) . 
5 This invention alsC' prc^vides isolated p-idyp^ept i de 

p-roducts C)f the cpien reading frames of Sequence I.D. No. 
1, having ^t least about 6C% (preferably 70% or 80% or 
greater) sequence homo bjgy with the amino acid sequences 
cf Sequence I.D. Nc- ' s . 2, 3, A, S, 6 or 1 , respectively. 

10 Because of the natural sequence variation likely tc- exist 
amc>ng AVR1-C039 genes, 'jiie skilled in the art vvc^uld 
exr-ect to find up to about 30 -4 0% nucleotide sequence 
variation, while still maintaining the unique properties 
of the AVR1-C039 gene and encoded polypeptides of the 

15 present invention. Such an expectation is due in part to 
the degeneracy of uhe genetic cc'de, as well as to the 
knc'wn evolutionary^ success C'f cc^nservat ive aminci acid 
sequence variatic^ns, which do nC't apprec iabl;^' alter the 
nature C'f the encoded protein. Accordingly, such 

2 0 variants are considei^ed substantially the same as one 

another and are included within the scc'pe of the present 
invent ion . 

Fc^r pnjr^M-.s.E' s <:> f this invent ic-n, th^i' term 
" sues t ant 1 a 1 ly the sa^me" refers tC' nucleic a<::id c>r ammo 
2 5 acic seq.-.en:-es na\^ing sequence variation that dc- ri:;'t 
materially affect tne nature C'f the pr<:-tein ii.e. its 
structure and/or h-iological activicy) . With particular 
reference tC' nucleic at: id sequences, tne term 
" s^. ibs-^ an-^ i a ] 1 V the same" is intended to- refer tC' CC' ding 
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polypeptide. With reference to amino acid sequences, the 
term "substantially the same" refers generally to 
conservative substitutions and/o>r variations in regions 
of the polypeptide that do not affect structure or 
5 function. The terms "percent identity" and "percent 
similarity" are alsc' used herein in cc>mparisons among 
amino acid sequences. These terms are intended to be 
defined as they are in the UWGCG sequence analysis 
program (Devereaux et al . , Nucl . Acids Res. 1_2 : 3 37-397, 

10 1934), available from the University of Wisconsin. 

i'he follc'wing descx xp^:: ion sets forth the 
general procedures involved in p^ract icing the present 
invention. To the extent that specific materials are 
mentioned, it is merely for purposes of illustration and 

15 is not intended tc> limit the invention. Unless otherwise 
specified, general cloning procedures, such as those set 
forth in Sambrook et al . , Molecul ar Cloning , Cold Spring 
Harbor Laboratory (1989) (hereinafter "3ambroc)k et al . " ) 
or Ausubel et al . (eds) Current Protocols in Molecular 

20 Biology . Uohn Wiley Sc Sons (1993) (hereinafter "Ausubel 
et al . ) are used. 



A, Preparation of AVR1-C039 Nucleic 

Acid Molecules , encoded Polypeptides and 
2 :_ Antibodies Speci f ic f or the Po l ypeptides 

1 . Nucleic Acid Molecules 

AVR1-C03 9 nucleic acid molecules of the 
30 invention may be p>repared by two general meth'ids : (1) 
h-^ s\^n^h^siz^d from annroor i a t e nucleotide 
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inf ormat ic'n , such as the genomic; isolate having Sequence 
1,D. Nc' . 1, enahdes preparation of an isolated nucleic 
acid mcile'rule of the invention by oligonucleotide 
synthesis. Synthetic ol igonucl ecit ides may be prepared by 
5 the phosphoramadi t e method emplciyed in the Applied 

BiC'Systems 38A EiNA Synthesizer or similar devices. The 
resultant construct may be purified according to methods 
known in the art, such as high performance liquid 
chrC'matC'graphy (HPLC) . Long, double - s t randed 

10 pcdynuc leot ides , such as a DNA molecule c^f the present 

invent io-n, muse b-^ syiithesized in stages, due to the size 
limitations inherent in current oligonucleotide synthetic 
methods. Thus, fc^r examr:de, a 1.05 kb doubl e - st randed 
modecule may be synthesized as several smaller segments 

15 of apprc'priate cc^mp lement an ty . Complementary segments 
tnus pirC'duced may be c^r.nealed such that each segm.ent 
possesses app^ropriate cohesive termini fcir attachment of 
an adjacent segment. Adjacent segments may be 1 igated by 
annealing cohesive termini in the presence c>f DNA ligase 

20 to construct an entire 1.05 kk' doubl e - s t randed molecule. 
A synthetic E'NA mcdecule so constructed may then be 
cloned and amplified in an appropriate vector. 

AVF1~?Z^39 gemes also* may h-e iscdated frc>m 
acproo'riate ta.cd eg i c s 1 sc'urses using methods ^-^nc-wn in the 

25 ar-t . In one emlC'Ci mLen:: , a genomLi':: i^Ione l:as oe-n 

isclated frc'm a M. grisea strain 2 53 9 cosniia lihirary. In 
an alternative emt:'C>diment , a cDNA clc^ne comprising one or 
mc're C'f the open reading frames C'f the genomic AVR1~C039 
1 MP rri a v be 1 s 1 a t e d . 
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washing cc>nditions of appropjriate stringency. For 
example, hybridizations may be performed, according to 
the method of Sambrook et al . , using a hybridization 
scdutic>n cC'mp'r 1 s mg : 5X S3C, EX Denhardt ' s reagent, 1.0% 
5 SDS , 100 yug/ml denatured, fragmented salmon 3p)erm DNA, 
0.05% sodrum pj,^rophc-sphat e and up zo 50% f ormamide . 
Hv'bridi zar ion is carried out at 37-420C for at least six 
hours. Fcdlc'wing hybr iiii zat i C)n , filters are washed as 
fc'llows: (1) 5 miinutes at rc'Om temperature in 2X SSC and 

10 1% SDS ; {2 ) 15 minutes at room temperature in 2X SSC and 
u.1% SDS; (5) 0 minutes -1 hour at 3 7oc m 2X SSC and 
0.1% SDS; (4) 2 hours at 45-55oin 2X SSC and 0.1% SDS, 
changing the solution every 30 minutes. Alternatively, a 
mc>dif icat i on of the Amasino hybridization protocol (Anal. 

15 Biochem. 152 : 304-307) is preferred for use in the 

present invention and is described in greater detail in 
Example 1 . 

One common formula for calculating the 
stringencj,^ cc^nditions required to achieve hybridization 
20 between nucleic acid molecules of a specified sequence 
homologj.^ t Sambrook et al . , 19S9) : 

1 St5 • 1(..6Lol: [Na- ^ • () 4 1 n ( h (')-(). 63 { '^) formamide) - 600 -'bp in duplex 

25 Ac an i 1 1 \ .s t ra t. i jr. ■:'f t.ne a^cive formula, using 

[j.365] and 50% rcu'mamide, with GC r-^ntent of 42% and an 
average prc^be size of 2 00 bases, the T., is 57" C. The T,. 
of a DNA duplex decreases by 1 - 1.5 C with ever^^' 1% 
decrease m homc'lc-gy. Thus, targets with greater than 
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clC'ning/expression vector, such as pGEM-T (Promega 
BiC'tech, Madison, WI ) or pBluescrip't (Stratagene, La 
Jolla, CA) , either of. which is p^ropagaced in a suitable 
E . call host eel 1 . 
5 AVR1-C039 nucleic acid molecules of the 

invention include cDXA, genomic DNA, RNA, and fragments 
thereof which may be single- or doukde - stranded . Thus, 
this invention provides ol igonuclec't ides (sense or 
antisense strands of DNA cir RNA) having sequences capable 

10 of hybridizing with at least c-ne sequence of a nucleic 

acid mcdecule c>f the present invention, such as selected 
segments of the cDNA having Sequence I.D. No. 1. Such 
o 1 igc'nuc 1 eot i des are useful as probes for detecting AVRl- 
C03 9 genes or mRNA in test samples C'f fungal isolates, 

15 e.g. by PGR ampl i f ica t i c-n , or for the positive or 

negative regulatic-n c-f expression of AVR1-C03 9 genes at 
C'r before translation of the mRNA into proteins. 

2 . Proteins 

20 The AVR1-C039 gencimic isolate described herein 

ccntains four C'pen reading frames (ORF's 1-4), whose 
deduced amino acid sequences are set forth herein as 
Sequence I.D. No's. 2-5, respectively. Any c>ne of these 
t-C' lyt'ep't i ies may C'e treiiartE'ii m a variet^^ c-f wa^^'^s , 

2 5 a :-c<:jr-(iing o knc-wn methc as . If prcduced in situ the 

pc I^.^]:'e;^' t I des may t^e ciurifi«:;^a from app'ropomat e s^Durces, 
e.g., fungal iscTates. 

Alternatively, the ava i I ath 1 i t o-f nucleic acid 
mcdecules encoding the f ■ olypept ides enables production of 

3 0 the f-rc'teins using in vitro expressiC'n methcds known m 
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system, such as wheat germ or rabbit reticulocytes. In 
vitro transcription and translation systems are 
commercially available, e.g., from Promega Bic>tech, 
Mad i son , W i scons in or BF'L , Rockvi lie, Maryland . 
5 According to a preferred embodiment, larger 

quantities of Al^i^I -C03'9- encoded polypeptides may be 
produced by expressic^n in a suitable pirocaryC't ic or 
eucaryotic system. Fot example, piart C)r all of a DNA 
molecule, such as rhe cDNA having Sequence I.D. No. 1, 

10 may be inserted inro a plasmiid vector adapted for 

express ic-n in a bacterial cell (such as E, call) or a 
yeast cell (such as Saccharoiriy'ces cere\'isiae) , or into a 
baculijvirus vector fc^r expression in an insect cell. 
Such vectors comprise the regulatory elements necessary 

15 fcir expiression of the DNA in tne host cell, positioned in 
such a manner as tc^ p'ermit expressic^n c^f the DNA in the 
host cell. Such regulcatory elements required fox- 
expression include promo :ier sequences , transcript ion 
initiation sequences and, optionally, enhancer sequences. 

20 The AVR1-C039 polypept i de ( s ) produced by gene 

exr-ression in a recombinant procaryotic or eucyarotic 
s;>'stem may be purified according to methcids known in the 
art. In a preferred embodiment, a commercially available 
ex|:-re-s s i "'n / s^E-r r-e t ic-n s^^'stem can t e used, whereby the 

25 r-i-irombcnan:: Tjreo.ein is exriressed and thereafter secreted 
f rc^m •: ne hC'S *: :'e 1 1 , *_ o oe ea s i ly pu r iti ec f i:"om 1 he 
s \. r r" C' u n d i n g n i e a i. u m . If e xp' r ■ e s s i C' n / s e c r e 1 1 o n v e t C' r s a r e^ 
nC't used, an alternative app-roach invcdves purifying the 
reiriDmkunant prc'tem t^y affinity separatic-n, such as by 

J. G im.munc'logical interact a c^n v/ith antit'odies that I'lnd 
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analyzing the functional activity, i.e. ability to confer 
avirulence, are described in Example 1. 

The present invention also provides antihiodies 
capable of immunospeci f i cal ly binding tc- pc^lypept ide s of 
5 the invent ic>n. f'olyclonal or monoclonal antibodies 

directed toward any of the peptides encc^ded by che ORFs 
of AVR1~C039 may be prepared accc-rding to standard 
methC'ds. Monoclc-nal antibodies may be prepared according 
tC' general methods of Kcihler and Milstein, following 

10 standard protocols. In a preferred em]:>odiment , 

antik'Odies are prepared, which react immunospec i f i cal ly 
with various epitc^pes of the AVRl -C03 9 - e^ncoded 
polypept ides . 

Polyclonal or monoclonal antibodies that 

15 immunospeci f i cal ly int eract with one or mc're of the 

polypeptides encoded by AVR1-C03 9 can be utilized for 
identifying and purifying such proteins. For example, 
antibodies may be utilized for affinity separation of 
proteins with which the'_i' immune-spec i f ical ly interact. 

20 Antibe-dies may also be used tei immunoprec ipi t at e proteins 
f rc-m a sample ccintaini ng a mixture of piroteins and other 
biC'lC'gical molecules. 'Jther uses of the antibodies are 
described below. 

25 B. Uses of AVR1-C039 Nucleic Acids, 

Encoded Proteins and An t ibodies 

The potential of re rc'mkunant genetic 

engineering methc'ds to enhance disease resistance m 

agresnc-mically important plants has received considerable 

3 0 attention m recent yeai's. PrC'tocols are currently 
available for the stal:)le i nt rc^duc t i c-n C'f genes mtc 
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plant's ability to resist pathogen attack. AVR1~C039~ 
encoded prc^teins of the invention may also be applied 
directly to a plant, t-:> induce a disease defense 
response . 

5 

1 . AVR1-C039 Nucleic Acids 

AVR1-C039 nucleic acids (genomic clones or 
cDNAs ) may be used for a var Lety of purposes in 
arcc'rdance with the present invention. The DNA, RNA, or 

10 fragments thereof ma-y be used as prok^es tc) detect the 
oresence of and/or expression of AVR1-C039 genes. 
Methods in which AVR1-C039 nucleic acids may be utilized 
as probes for such assays include, but are not limited 
to: (1) in situ hybridization; (2) Southern hybridization 

15 (3) northern hybridization; and (4) assorted 

amplification reactions such as polymerase chain 
reactions (PGR). The AVR1-C039 nucleic acids of the 
invention may also be utilized as probes to identify 
homologs from C)ther Magnaporthe isolates. As described 

2 0 above, AVR1-C03 9 nucleic acids are also used to advantage 
to produce large quantities C'f substantially pure AVRl- 
C(j39 prciteins, or selected portions thereof. 

C-f p'erhaps greater significance, hcwever, is 
tne use of AVRJ - 3D 3 9 nucleic: acids z.o icirc-aden the si-ope 

2 3 ( J £ resistance c-f rice '■rultiv.^rs c:arrying the C'j3 ? 
resistance gene tc [jc'i t hcgens c-ther than M. grisea 
1 sedates carrying the AVR1-C039 avirulence gene. For 
instance, in one eml:>odiment of the invention, the AVRl- 
CO 3 9 cc'ding region is opera]: ly linked tc a he terc) logons 

30 prc>mc'ter, preferably one that is either generally 



CO 1 1 :g 
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(preferably frc^m plants, most preferatdy from rioe, e.g., 
Peng et al . , J. Biol. Chem. 269 : 3755-3761, 1994; Peng et 
al . , Abstract p'resented at the general meeting of the 
International Program c-n Rice Bic t echncJ c>gy , Malacca, 
5 Malaysia, Sept. 15-19, 1997); 

b) promoters of genes encoding peroxidases 
(p^ref erabl%^ from r>lants, most preferabl;^' from rice, e.g., 
Chittoor et al . , Med . Plant -Microbe Int e ract ic^ns 10_: 861- 
8 71, 19 9 7); 

10 c) promoters of genes encdiing 

hydroxymethylglut aryl - CoA reductase (pre f erabi y from 
plants, most preferably frc:m rice, e.g.. Nelson er al . , 
Plant Mol . Biol. 2_5 : 401-4 12, 1994); 

d) prc'moters c>f genes encc'ding phenylalanine 
15 ammc^nia lyase (preferably from rice; e.g.. Lamb et al . , 

Abstract c-f the general mee::ing of the International 
Program c-n Rice Bi ot echno bcgy , Malacca, Malaysia, Sept. 
15-19, 1997) 

e) promc'ters of genes encoding glutathione's- 

2 0 transferase (preferably from plants, most preferably from 
rice, or alternatively, the PRPl promc^ter from potato); 

f) prcimc'ters from pc'llen- speci f ic genes, such 
as corn Znigl3 , which has been show to be expressed in 
ri ::e :,ransgeni r picdlen cai'rying the cc-rn gene (Aldemita 

25 et Eil . , At'scracr ■:'f the q^E'ner.al meermg :>f the 

In^'z-rnar 1 ^'nal Pr-o::rari on r^i 2-^ Bi C't -e^ ::nn':' j :>gy , Malai'ca, 
MaiEiysia, Sepr , 19 97; ; 

g) p^rctm-E't ers from genes encc-di ng chitinases 
(piref erakd'^^ from plants, most preferabl^^' from rice; e.g., 

30 Zhu U Lamb, Mol. 3en . 3enet . 226 : 239-296, 1991); 
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i ) promoters from plant (preferably rice) viral 
genes, either contained on a bacterial plasmid or on a 
plant viral vector, as described hy Hammc'nd- Kosack et 
al . , Mol . Plant -Microbe Interactions 8: 181-135 (1594); 
5 j ) prc>moters f rom genes involved in the plant 

(p'ref erabl^_^^ rice) resp' i rat C'ry burst (e.g.. Groom et al . , 
Plant J. 10(3) : rl5-522, 1996); and 

k) promc'ters from plant ( p^ref erakily r i ce ) 
anthocyanin pathway genes (e.g., Reddy, pp 341-352 in 

10 Rice Genetics III , supra.; Reddy er al . , Abstract of the 
general meeting of the International Program on Rice 
Biotechnology, Malacca, Malaysia, Sept. 15-19, 1997). 

The chimeric gene is then used to- transform 
rice cultivars that already carry the appropriate R gene. 

15 Upon wounding or challenge with a plant pathogen, the 

resulting transgenic plants would be induced to produce 
the AVR1-C039 gene product, thereby triggering the R gene 
defense response. In this embodiment, care must be taken 
zo avoid using a promc-ter that is induced by necrosis, 

20 since use of such a promoter could result in a self- 

perpetuating hypersensitive response that may be lethal 
tC' the plant (see, e.g., Kim et al., Proc . Natl. Acad. 
Sci. USA 9X: 10445-10449, 1994) . 

In a p-ref erred embC'diment , a rc'ding regic-n of 

25 I ri'ref erably the coding region cc-r respc^ndi ng to 

■jRr3) IS inserted mt an exp'ression vei'tc^r in a 
micrC'O rgani sm th^t grc^'.vs epup-ny 1 1 ra 1 1 y on ri ::e plants. A 
suspensiciU of such recomtdnant microorganisms is sp^rayed 
on rizo cultivars carrying the app-rc-pr lat e R gene. Up)on 

30 p'athC'gen attack, twc> levels of protection can occur: (1) 
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the recC'TTibinant epiphytes is carried into the plant 
tissue at the wound site, where it interacts with the 
correspC'nding R gene product and induces an internal 
disease defense response. Thus, this pire - 1 reatment 
5 confers resistance to Majanporthe isolates (and, 

presumably, other plant pathogens) which normally are 
virulent: on those culrivars. This embodiment is 
described in greater iietail in Sxamp'le 3 . 

In ccinnectic-n with the use of epiphytic 

10 bacteria, it shc'uld be nested that bacterial and phage 
expression and delivery systems, such as those 
commercially available from InVitrogen, will be 
particularly useful. The bacterial system expresses a 
protein hybrid with pilin, such that the foreign protein 

IB is exposed on the exterior of the bacterium. The phage 
system also expresses a hybrid protein with coat 
compcinent and exterior exposure of the foreign protein. 

The AVRl - COS 9 gene also may be used as a tool 
to identify and isolate its corresponding R gene. Thus, 

20 in a manner similar to that described for isolation of 
the tomato CF-9 gene for resistance to Cladosporium 
fulx^uni (Jones et al . , Science 266 : 78 9-793, 1 9 94), the R 
gene in rice that correspcsnds to AVRl -COS 9 can be 
1 scanted C'Y transp'OSDn tagging: (1) AVRl -COS 9 is 

25 ci^ans f cu-rried into, ami cons t i cut ive 1 expressdi m a 

susc-=:r)r iole rice lin-:-; ,2 ] me cransgemc line is crossed 
with a r-esistant line that carries an identifiable 
transposon; (2) seedlings of Fl prc^geny const i tut i ve ly 
exc-ressdng both the A\^r gene and the correspc>nding R gene 

2>0 shc'uli aie, theretjy enabling a simpde screening fc-r live 
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2 . AVR1-C039 Proteins and Antibodies 

Purified gene prc-ducts of AVR1-C03 9, or 
fragments thereof, -nay be used te> p^roduce p^cdyclonal or 
mc>noclC'nal antibodies, whioh also may serve as sensitive 
5 detection reagents for the presence and accumulation of 
AVRl-CC'3 9 polypeptides in transfc^rmed micrcbial 
epiphytes, transgenic plants, or other biolc-gical 
materials. Polyclonal or monoclonal antibC'dies 
immunologically specific fc-r AVR1-C03 9 polypeptides may 

10 be used in a variety of assays designed tci detect and 
quant itate the piroteins. Such assays include, but are 
not limited to: (1) flow cytometric analysis; (2) 
immunochemical 1 c-ca 1 i cat ic^n of expressed proteins in 
cells or tissues; and (3) immunoblc-t analysis (e.g., dot 

15 blot. Western blot) of extracts from various cells and 
tissues. Addi t iC'nallA,^ as described above, antibodies 
can be used fc^r purification of AVRl-CC'3 9 polypeptides 
(e.g., affinity column purification, 
immunoprecipi t at i on ) . 

20 In a p^referred embc-diment , purified AVR1-C039 

polypeptides (mC'St preferably from ORF3 ) are used as a 
pire - treatment or cc* - 1 reatment to confer brc^ad- spec t rum 
pathcigen resistance tC) rice cultivars carrying the C039 R 
gene. Thus, in a manner similar tC' the abcve - described 

2 5 use of AV/^I -C:)3S'-exr'ressino ei:up>hycic m i ::r':H:'rgan i sms , a 
sc'lu:: ic-n c>f tne pe^p'ii<:ie is at't'iie-d tc; t no t^lants, and 
subsequent or c concur rent we-undmg or inoculation with a 
pathc'genic micrC'C rgan i sm brings the pep'tide into contact 
with the R gene prc-du'it, thereby stimulating a defense 

30 resp>onse. The mvent'^rs have exp-erimental ly demonstrated 
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The following specific examples are provided to 
illustrate embodiments of the invention. They are not 
intended to limit the scope of the invention m any way. 



5 EXAMPLE 1 

Clonincr and Analysis of AVR1-C039 

A chromosomal segment putatively ccintaining the 
cultivar specificity gene, AVR1-C039, was isolated from 
10 M. grisea strain 2539 using a map-based cloning apprC'ach, 
followed by chromosome walking (Leong et al . , 1996) . In 
this example we describe the identification, cloning and 
analysis of the AVR1'C03 9 gene. 



15 Methods ; 

Hybridization protocol. Hybridization methods 
were modified from Amasino (1986) "Acceleration of 
Nucleic Acid Hybridization Rate by Polyethylene Glycol", 
Analytical Biochemistry 152:304-307. The hybridization 

2 0 buffer was prepared accc'rding rhe Amasino prc'tocol , but 

withciut the PEG and NaCl and with reduced concentrations 
of NaHP04 : 0.125M NaHPC'4 , 7% SDS , 50% formamiide, 1.0 mM 
EDTA, pH 7.2. High stringency cc^nditions were used (42 
16 h) . Post hybridization washes were: one rinse 
25 with 2X33C a:: rc^c^m r emp'O ra : ure^ ; c^ne wash in 2XSSC for 10 
m.in at 55 C ; one wasli in 2XSSC, 15 min at 6 5- °C; c>ne 
final wash m j.l X SSl', C.l^ SDS fc-r 15 mm at 65 
The final washing concii t ic^ns were C'f greater strmgenc^^ 
than were the hybr idi zat ic-n cc-ndi t i Cins , giving a T^. of 68. 

3 0 Thus, greater than 95% homcilogy wC'Uld be required to 

maintain a hybrid. IJcne ctf the post hybridization 



Chromosome wa±Kiny sLiaLeyy 
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clones was constructed in cosmid vector pMLFl (Leong et 
al . , 1994, supra) and pMLF2 (An et al . , Gene 176 : 93-96, 
1996) , Clones were templated individually as colony 



5 



blots as we 11 as in poci Is in wh i ch t he DNA wa s 
restriction digested, elect rophoresed and blotted. The 



latter blots were used initially tc- identify candidate 
poC'ls containing hybridizing clones. ColC'ny blots 
derived from these pools were then screened. Steps were 
perfcirmed using endclones prepared from the insert DNA by 

10 digesting the cc^smid clones with Apal , which does not 
digest the vectoi", and recircularizing the plasmid by 
ligation. This procedure results in a derivative 
cc'ntaining DNA from each end of the insert {An et al . , 
1996 supra) . Liberation of both ends of the insert from 

15 the vector was achieved by digesting with Apal and Notl . 
The required endclone was then identified by virtue of 
its inability to h^^^bridize with the previc'us cosmid in 
the walk. 



2 0 cosmids within the AVRl -C039 locus: Cosmids from within 

the genetic interval containing AVR1-C039 were introduced 
into Guyll using the cransf ormatic^n protoccd described in 
LEUNG et al. (1990) . The procedure was modified as 

f'lllC'Ws: After th(- prc^tcplasts wer'e incuk'Sted m 
25 LMmplete medi"jm (CM) f sc'ri:- 1 1 o 1 , they were pc^ured into 100 
ml mcTten (45 ^C) «2M + 2C% sud'ose agar. The agar was then 
pcured into four p)etri plates. When the agar had 
sc-lidified (1 h) it was cverlaid with 15 ml of 1.5% water 
aoar ccintainmg 800 ug/ml h'^^gromycin B (300 L<g/ml final 

3 0 cc-ncent rat ion ) . 



Transformation of virulent strain Guyll with 
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cloned into pCB1004 a hyg' vector from J. Sweigard 
(Dupc'nt) . Plasmids were linearized by NotI digestion and 
transf oriTied into Guy 11 }:'rot or-l as t s . 

Initial frameshift mutations were created in 
5 ORFs 2 and 3 by digestic^n and religation as follows: 
Frameshift in 0RF2 : The AccI site at 
nucleotide (nt) position 499 was cut and the 2 nt 3 ' 
overhangs were trimmed c-ff with T4 DNA polymerase. The 
site was then religated resulting in the removal of 4 bp 

10 c^r a net frameshift of -2. The nucleotide sequence 

changed from 5' CTAGACAGTCTACCTCTCTGCCA 3' (SEQ ID NO : 9 ) 
to 5' CTAGACAGTACCTCTCTGGCA 3' (SEQ ID NO : 1 0 ) . 

Frameshift in ORFS 2 & 3: The Pf IMI site at nt 
pc>sition 64 1 was cut and the 3 nt 3 ' overhang was trimmed 

15 C'ff with T4 polymerase. A kl enow - f i 1 1 ed Hindi 1 1 fragment 
containing the streptomycin resistance gene cassette from 
pHP45i:^ (Prentki and Kritsch, Gene 2±: 303, 1984) was 
ligated to the flush-ended PflMI fragment. The conserved 
Hindi 1 1 site was then digested and religated. The net 

2 0 e f f ect was the subs t i tut ion c^f the 3 nt in the Pf IMI site 
with 4 nt from the Hindi II site. This created a net 
frameshift of +1. The nucleotide sequence change was 
from 5^ CGAGCAGCCAATGCTTGGAAAGATTG 3' (SEQ ID NO : 1 1 ) to 
(rCAGGAGGGAAAGCTTTGrGA.^A.GATT':; 3' (SEQ II' NO: 12). 

25 In the AAccI ■:'onstruct, the pep-t ide retains 

■:'nly 19 aa of its c-rigmal sequence and is truncated 
after 3 6 aa . The native 'jRF2 t:>ep)tide is 77 aa . In the 
APfl cc-nstruct, the C)RF2 pep'tide sequence is almost 
uncnanoed except fc^r the tei'minal iJ aa and the resulting 

3n reptide is 17 aa Ic^nger. CiF:F3 , on the other hand, 
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primers designed to introduce an extra G nucleotide after 
the ATG: 

PI: CAACGTACTAGAAATGGAGT7VATAAGTACC (SEQ ID NO : 1 3 ) 
P2 : GGTAGTTATTAGTCGATTTGTAGTACGTTG (SEQ ID NO : 14 ) 
5 The mutagenesis basicall^_^^ abolished the ORF 

cc-mpletely . 

Creation of ATG mutations in open reading 
frames at the AVR1-C039 gene locus: The 1.05 kb fragment 
cc'ntaining AVR1-COj'9 was cloned into pGB1004 and 
10 Quickchange mutagenesis (Stratagene) was used to make the 
fcdliowing mutant <^':*ns t ru 3 1 s : 

AORFl (ATG->TTT) : Start codon of ORFl was eliminated by 
quick change mutagenesis using a primer with the mutant 
ATG sequence . 

15 AORF3 (ATG->TTT) : Start codon of ORF3 was eliminated by 
quick change mutagenesis using a primicr with the m.utant 
ATG sequence . 

The following clone was made but the mutant 
allele has not yet been tested by transformation to 

2 0 decermine che phenC'type . 

AORF2 (ATG->TTT) : Scart codon of (jRF2 was eliminated by 
quick change mutagenesis using a primer with rhe mutant 
ATG se(quence . 

2 5 Results : 

As mentic-ned above, a gene conferring cultivar- 
sp-ecific interactions wi::h rice cultivar CCi39 was 
isolated from M, grisea strain 2 53 9 using a map -based 
- ^. '"^n z n a a nn r o a c h , f o 1 1 owed by a 2 J - s t ep c hr omir s ome wa 1 k . 
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as SEQ ID NO : 1 : 

SEQ ID NO: 1 (5 ' - 3 ' ) 

GATCTGTAAA TTACATATAT TTATTTTGCC GCATTTTGCT AAGCGGGTAT 

5 

TCTTTTTAAA ATTTTAACGA TTAAGAACGC AATTCAATTT TGCGTTCTAC 

ACAAATTAAG AATTCGTCCA AAAGAGGTAT TTAAGCGAAG ATTTGGCATT 

10 TTTTTAATCC ATTTTTAAAA AAATACATCT GCTTTAACGC AGCTTTGCCA 

AGGGTACCGG GCTAGCATAG GCTTGGTTAC CAAAAACGGC TAAAGGTGTC 

GATGTATAGT ACATTrGi^.CG .:tGTG7^GAA GTAAGGAAGA GGGAGGAGAT 
15 T5 

CAGAGGGTAA ATCATGGTGG TA(3TAATGCG ATATAATGGG GAAAGAACGT 
ORFl - 

ACTAGAAATG AGTAATAAGT ACGGAGTGAA GTCAAGTTGG TGTAGTATTA 

-ORF5 ORF2 - 

2 0 TATTTAAGGA agggtgcatt tagtgggagg ggaagtttat gaatgggagg 

Tl 

AGTGTTGTGG CTGGTGTGGA GAACTCAGTT GTTTGGAAAG GCTAGACAGT 

CTAGCTGTGT GGGAGGATTT TTACTTTTCA AAAATTTAGT GGTTGCGGCT 
2 5 T4 ORF3 - 

AGTGAAAGTT GTAGAATTGA AAGAGCGCAG AATGAAAGTG CAAGGTACAT 

TGGGGAGGGT TATGGGGGTT C^GGGGTTAGT TTGGAGGAGG GAATGGTTGG 

T2 

0 AAAGATTGGA TGATGGAAGG TTATAAAGAG GGGGATGTGA AGAAGATATA 

TAGTGGGA.\T A(^G.\AGGAAG AGAT/\AGTAT T(5AGGAATAT AAAGTGTTiIG 

ORF'S ' ■ ORF4 

TT.\ATGAGGG ZTGGCATGGG TACGGAGTTA TAGTTGGGGA GAGATGGGT'i: 

^ 'D 4 3 

CTTTGTGGGG ATTTTA::ATG AGGTTACGGT GAGGAGGATt^ AGT rTT(5TT(3 

T'S 0RF7 * 

ATGAATAA(3A GTGGAGGTTi^ .A^AAATTGC^G GAGGATGGTA ATAGAGGGTT 

4 0 ATTTAT<:TGG GAATAGGAGG GGTGTGTGGA ATTATGAGG(4 GTGTTGGTGT 



• 



DNA sequence anal^^sis revealed four small open 
reading frames of 45, 77, 8 9 and 6 9 amino acids in length 
(ORFl, 0RF2 , ■JRFS, 'jRr 4 , respectively, as shown on SE^I) ID 
No. 1 above) . The amino acid sequences encoded by the 
5 four open reading frames are set forth below as Sequence 
ID No's. 2, 3, 4 and 5, respectively. Three other open 
reading frames were alsci identified (ORFS 5, 6, and 7, 
set forth belc>w as SEQ ID NOS : 6, 7 and 8, respectively. 

10 AVR1-C03 9 ORFl (SEQ ID NO : 2) 

MTNKYr^VKbT CC5IIFNEAS lYCQGKFING TGVhPPLDNS 
VLCKR 

AVR1-C039 ORF2 (SEQ ID NO : 3) 

15 MGPVFSLLWT TQFFANARQS TSLPPFLLFK NLLLAATETS 

TIEFJVHNES? SYiRHPYRPC GLLSSSQCLE RLHHPTL 

AVR1-C039 ORF3 (SEQ ID NO : 4) 

MKVQATFATL lALAAYFPAA NAWKDCIIQR YKDGDVNNIY 
2 0 TANRNEEITI EEYKVFVNEA CHPYPVILPD RSVLSGDFTS 

AYADDDESC 

AVR1-C03 9 ORF4 (SEQ ID NO : 5) 

MAGhllTEDFI FLNSYLFVPI GSIYVVP'IAV FITLDDAIFF 
2 5 SIGi:^W>:VSRK G-E'KGGECSLD FII'^GLFijE 

AVR1-C039 ORF5 (SEQ ID NO : 6) 

MDASLUIILr riVCLTGYLLV ISSTLFGHYI ALLAA 



AVR1~C03 9 ORF7 (SEQ ID NO : 8) 
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MVIEGYL3RN SSRVCNYHGC SSAIGILEAG QIYGNSNQLS 
LSMDSPVEVJR RRRI (continues beyc^nd cloned DNA) 

The sequence surrC'Unding the ATG of ORF3 
5 matched four C'Ut of five c-f rhe cc'nserved bases found in 
fungal translation start sites and contained a 
hydrc'photdc aniin:- terminus p'Unctuated hy a lysine in 
position 2, and twc' putative cleavage sites for remo-val 
of the signal pep^tide. A fC'urth open reading frame 
10 ((jRF4) was identified c^n the opposite strand. However, 
tJae se'^uence surrounding uliat ATG co-ntained only two 
matches with the fungal translation start site consensus 
sequence . 

Site -directed mutations in ORFl, ORF2 and ORF3 
15 were created in order to assess the roles c^f these ORFS 

in co>nf erring avirulence. The translation start codon of 
each ORF was converted from ATG to TTT . In ORFs 1 and 3, 
these mutations led tc» loss of avirulence. Frameshift 
mutations in C>RF1 and C'RF3 also led to a Ic^ss of 
2 0 avirulence, while the frameshift mutatic)n c^f ORF 2 did 

not. Taken to-gether, these data indicate a rede for ORFl 
and ORF3 in conferring avirulence to^ M. grisea strain 
2^3 9 on rice C"ultivar G'j3 9. 

The ar'sence of a splice sit.e and a lariat 
25 sequence, as well as any |::>utative 'YA'YA element 

immediately uf. stream of the ATG of CiRFl may mdxcace that 
OFlFl overlaps sequences critical to the prc-motion of 
transcrip-t ion of AVR1-Z039. 



EXAMPLE 2 
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Distribution of AVR1-C039 Homologs 
in Diverse Isolates of MacrnaiDorthe crrlsea 

The distribution of AVR1-C039 homologs was 
5 investigated by probing a large sample of hC'St - spec i f i c 

fC'rms of M. grisea with a segment of AVRl - C03 9 DNA, using 
hybridization conditions such as those described in 
Example 1. The results C'f this survey indicate that 
isolates infecning rice, Digitaria. and whear largely lack 

10 hc'mcdogs of A\-r-C03 9 , HC'Wever, homologs of the gene were 
cC'mmcnly found in Slutine ( Set aria )- i nfec t ing isolates. 
Morecver, a detailed analysis C)f the AVRl - C03 9 locus from 
virulent rice isolate Guy 11 indicated that at least 20 
Kb of DNA corresponding to and containing the AVRl -0039 

15 -locus of isolate 2539 was absent. 

EXAMPLE 3 

Improved Resistance to Af. grrisea Infection 

2 0 in Rice Plants Sprayed with Bacterial 

Epiphytes expressing ORF 3 of AVR1-C039 

The ORF3 of AVRl -C03 9 described m Example 1 
was transferred intc^ a pET expression vector in 
25 Esz'he^ri-hia ccli. A suspensic>n cc^ntaining the 

r- lins f ornied E. col i. vjas sprayed ont d leaves of rice 
pl:tnLs carrying ire cc r re spona i ng R gene fee;- AVR1-CJ39. 
Tne plants were tnen mC'rulated witn M. grisea isolate 
Guy 11, which is a virulent strain cn the pdant cultivars 

3 0 cested. As a contri-l, rdants were sprayed with an E. 

coli suspensic-n whi ::h did nc-t ::ontain the (jF:F-3 encoding 
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treated with E. coli lacking the ORF3 - express ing plasmid. 
These data support the role of ORF3 in conferring 
avirulence in M, grlsea. 

EXAMPLE 4 

Improved Resistance to M. grlsea Infection 
in Rice Plants Sprayed with Protein Encoded by 
ORF 3 of AVR1'C039 

The ORF3 of AVR1-C039 described in Example 1 
was ti^ansferred into a pET expression vector in 
Escherichia coli. Protein extracts from IPTG- induced E. 
coli cells carrying either the pET vector alone (control) 
or the pST-ORF3 construct were tested for their effects 
on virulence. The cellular protein extracts were 
concentrated by ammonium sulfate precip- i tat ion . Cultivar 
C03 9 was inc>culated with virulent M. grisea. strain Guyll 
in combination with the concentrated protein extract to 
give 5 x 10^ conidia and 20 mg total protein extract in 10 
ml sterile wacer. 

Inciculated p-lants cc'-treaced with the 0RF3 - 
containing protein extract displayed reduced lesion size 
and number as compared to inoculated cc-ntrol plants co- 
treated with protein extract lacking ORF3 . These data 
further supp'C-r*: the role of (JRF3 ir. conferring avirulence 
1 n M . g ri sea . 

While certain of the preferred embodiments of 
the present invention have been descrik^ed and 
specifically exemp^ 1 1 f i ed above, it is ncv intended that 
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SEQUENCE LISTiriG 

<110> Sally A. Leong 
Mark L . Farman 

<120> Cultivar Specificity Gene from the Rice 

Pathogen Magnaporthe grisea, and Methods of Use 



■;130;- WARE P98 0 6 7WO 

<150: US 60/075 , 925 

<151: 1998-02-25 

<160:- 14 

^170: FastSE'j for W i ndows Version 3.0 

<210> 1 

<211> 1047 

<2 12> DNA 

<2 1 3 > Magnaporthe gri sea 



<400> 1 

gatctgtaaa ttacatatat ttattttgcc gcattttgct aaccgcctat tctttttaaa 60 

attttaacga ttaagaacgc aattcaattt tgcgrtctac acaaattaac aattcgtcca 120 

aaagaggtat ttaagcgaag atttggcatt tttttaatcc atttttaaaa aaatacatct 180 

gctttaaccc acctttgcca agggtacccg gctagcatag ccttggttac caaaaacggc 240 

taaagctgtc gatctatact acattcggcg ctctgaacaa ctaagcaaca gcgaggagat 300 

cacaccctaa atcatgctgc tagtaatgcg atataatggc caaacaacgt actagaaatg 360 

actaataagt acccagtcaa gtcaacttgc tgtagtatta tatttaacga agcgtccatt 420 

tactgccagg gcaagtttat caatgggacc agtgttctcc ctcctctgga caactcagtt 4S0 

ctttgcaaac gctagacagt ctacctctct gccaccattt ttacttttca aaaatttact 540 

ccttgccgct actgaaactt ctacaattga aagagcccac aatgaaagtc caagctacat 600 

tcgccaccct tatcgccctt gcggcttact ttccagcagc caatgcttgg aaagattgca 660 

tcatc::aac9 ttataaagac ggcgatgtca acaacatata tactgccaat aggaacgaag 720 

agataactat tgaggaatat aaagtcttcg ttaatgaggc ctgccatccc tacccagtta 780 

tacttC'jcga cagatcggtc ctttctggcg attttacatc agcttacgct gacgacgatg 840 

agt ct r >-^t. tq atcaataaga gtccaggttg aaaaattcgc caccatggta atagagggtt 9f)0 

atttatiL:t.cg gaatagcagc cgtgtgtgca attatcacgg ctgttc::tct gcgataggga 96 0 

rattagaag:- aggacaaatt lacggraata gcaaccaatt gtccttgtct atggattcgc 1020 

C'lgt cgaci ig gaggcga c gg c^gga t ::c 10 4 7 



:2 1:j:- 2 
:2I1;- 4 5 
.:212:- PRT 

:2 1 3 Magnaporthe g r i sea 

: 4 0 3 > 2 

'■. ■- ' ....... , r^.,,-, r-^.r,-. Co-.- ^'o T 1 ^= Pht^ 
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•:2 11 
■:2 12 
•:213 



77 
PRT 

Magnaporthe grisea 



• : 4 0 0 : ■ 3 

Met Gly Pro Val Phe Ser Leu Leu Trp Thr Thr Gin Phe Phe Ala Asn 

15 10 15 

Ala Arg Gin Ser Thr Ser Leu Pro Pro Phe Leu Leu Phe Lys Asn Leu 

2 0 2 5 3 0 

Leu Leu Ala Ala Thr Glu Thr Ser Thr lie Glu Arg Ala His Asn Glu 

35 40 45 

Ser Pro Ser T^^r lie Arg His Pro T^^r Arg Pro Cys Gly Leu Leu Ser 

50 55 60 

Ser Ser Glr. C;^'s Leu Glu Arg Leu Hi. s His Pro Thr Leu 
6 5 7 0 7 5 

.::2 10:- 4 

• : 2 1 1 > 8 9 

•:2 12> PRT 

--2 13;- Magnaporthe grisea 

•.:4 0 0:- 4 

Met Lys Va: Gin Ala Thr Phe Ala Thr Leu lie Ala Leu Ala Ala Tyr 

15 10 15 

Phe Pro Ala Ala Asn Ala Trp Lys Asp Cys lie He Gin Arg Tyr Lys 

2 C) 2 5 3 0 

Asp Gly Asp Val Asn Asn He Tyr Thr Ala Asn Arg Asn Glu Glu He 

35 40 45 

Thr He Glu Glu Tyr Lys Val Phe Val Asn Glu Ala Cys His Pro Tyr 

50 55 60 

Pro Va i. He Leu Pro Asp Arg Ser Val Leu Ser Gly Asp Phe Thr Ser 
65 70 75 80 

Ala Tyr Ala Asp Asp Asp Glu Ser C^^s 
85 

-:2 10> 5 

<:2 11> 6 8 

■:2 12 > PRT 

^:2 13> Magnaporthe grisea 

< 4 0 0: 

Met Ala i3 1 y I.^eu Lie Asn Glu Asp Prie lie Phe leu Asn Ser T;/r Leu 

1 5 10 H> 

Phe Val Pro H. e Gly 3ei' lie Tyi" \/a 1 \'ai Asp He Ala "la i Prie l^e 

10 2 7 3 0 

Thr Leu Asp Asp Ala He Phe Pro Ser He Gly Cys Trp Lys Val Ser 

35 40 45 

Arg Lv's Gly Asp Lys (31 y Gly Glu Cys Ser Leu Asp Phe His C>^s Gly 

50 55 60 

Leu Pile Gin Leu 
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Met Asp Ala Ser Leu Asn Tie He Leu Gin Gin Val Asp Leu Thr Gly 

15 10 15 

Tyr Leu Leu Val He Ser Ser Thr Leu Phe Gly His Tyr He Ala Leu 
20 25 30 

Leu Ala Ala 
35 



-:210 
2 1 1 
■:2 12 



34 
PRT 



•.:2 13> Magnaporthe grisea 
■.:400:- ^ 

Met Arg Pro Ala He Pro Thr Gin Leu Tyr Phe Pro Thr Asp Arg Ser 

15 10 15 

Phe Le'u Ala 1 i.e Leu His Gin Leu Thr Leu Thr Thr Met Ser Leu Val 
2 0 2 5 3 0 

Asp Gin 



<210:- 8 

■;211> 54 

<212> PRT 

•r;2 13> Magnaporthe grisea 

•:4 0 0:-- 8 

Met Val. He Gl.u Gly Tyr Leu Ser Arg Asn Ser Ser Arg Val Cys Asn 

1 5 10 15 

Tyr His Gl\' C:/s Ser Ser Ala He Gly He Leu Glu Ala Gly Gin He 

2 0 2 5 3 0 

Tyr Gly Asn Ser Asn Gin Leu Ser Leu Ser Met Asp Ser Pro Val Glu 

35 40 45 

Trp Ar'i^ Arg Arg Arg He 
50 

2 10 :■• 9 

-:211:.- 23 

•.;2 12:- DIIA 

:213> Magnaporthe grisea 

: 4 00; 9 

c t a g a c a q t c t a < • c t c t :: t g c c a 2 3 

::: 1 1 : 2 : 

■:2 12 :■ DMA 

: 2 1 3 ; • Magnaporthe grisea 



c^OOi^ 1 ■ j 
c t a g a c. a c]ta c c t c t c t g c c a 
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<210> 12 
<211> 2 7 
<2 12> DNA 

<213> Magnaporthe grisea 

< 4 0 0 > 12 

ccagcagcca aagctttgga aagattg 27 

< 2 1 0 > 13 
<2 11> 3 0 

<2 12> DUA 

<213> Magnaporthe grisea 

< 4 0 0 > 13 

caacgtacta gaaatggagt aataagtacc 30 



<210> 14 



<211> 3 0 
<212> UIJA 

<213> Magnaporthe grisea 



<400> 14 

ggtacttatt agtccatttc tagtacgttg 



30 



